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ABSTRACT 
Development of efficient drug delivery systems has attracted tremendous attention during the last two decades. The principal reason for this incredible growth of drug delivery technology is the realization that the best prospect for achieving substantial improvements over current therapies will occur through improved delivery of both existing and yet undiscovered drugs. A major subset of existing drug delivery systems are the ones based on synthetic polymers that have attracted significant attention, and led to the emergence of the new field of 'Polymer therapeutics'. Generally polymer therapeutics refers to any polymers that are used as a component of a drug product for the purpose of effecting or modifying the drug action. This includes polymers, which are inherently biologically active, polymer-drug conjugates, polymeric micelles, nanoparticles and polymer coated liposomes. 
Among them, amphiphilic block copolymers have attracted significant attention as potential drug delivery and drug targeting systems. Until now, efforts in this direction have focused mainly on three major types of systems: (1) micelleforming conjugates of drugs and block copolymers (2) drugs physically incorporated into the block copolymer micelles (micellar microcontainers), and (3) polyelectrolyte complexes based on cationic block copolymers and surfactants or DNA (polyion complexes). All these systems spontaneously self aggregate in aqueous media and are thermodynamically stable in the state of their formation. All these species have a core-shell design: drugs or DNA incorporated in a hydrophobic core surrounded by a shell formed of water-soluble polymer chains. Core segregation from aqueous milieu is the direct driving force for aggregation and proceeds through a combination of intramolecular forces, including hydrophobic interactions, electrostatic interactions, metal complexation, and hydrogen bonding of constituent block copolymer. A variety of drugs with diverse characteristics including genes and proteins can be incorporated into the core by engineering the structure of the core- forming segment of the block copolymer so that one can expect a significantly strong interaction with the drug molecules. 
In recent years, the polyelectrolyte complexes have gained a lot of attention in the role of drug as well as gene carrier vehicles. Cationic polymers are frequently studied as gene carriers. Cationic polymers such as poly (L-lysine), polyethyleneimine, chitosan and dendrimers are all used for this purpose. Moreover both block copolymers like the PEG-b-PLL copolymers as well as comb type copolymers like PLL-gr-dextran with polycation backbone and grafted hydrophilic side chains have also been investigated. To improve solubility and stability of polyplexes and to reduce aspecif ic interactions with biomolecules, cationic copolymers bearing hydrophilic segments were developed. PEG has been coupled to polycationic polymers such as poly(L-lysine), polyspermine and polyethyleneimine or liposomes to use these copolymers in the gene delivery systems. On the other hand complexes of ionic block copolymers with oppositely charged surfactants have been successfully used as drug delivery vehicle. 
Being a new topic in contemporary research with a majority of the reports dealing with the synthesis of these classes of amphiphiles and their potential as prospective delivery systems. In this regard the design of the size and surface properties of this class of amphiphiles have crucial importance in achieving modulated delivery with remarkable efficacy. It is well accepted by the scientists that to achieve a delivery system with high efficiency, the carrier has to be complexed with the substance to be delivered. The designing and proper characterization of new bio mimetic systems is a challenging proposition. 
Studies that lead to the characterization of water-soluble polyion complexes have been mainly focused on the systems of block or graft copolymers though such complexes could also be anticipated from random copolymers. It has already been proposed that such random copolymers and complexes of such random copolymers and oppositely charged surfactants are promising system for drug delivery and other biomedical applications. 
As a part of this work it is our intention to demonstrate the idea of using poly(ethylene glycol) based random copolymers for the formation of polyion complexes which can be used as efficient drug delivery systems. The idea of using random copolymer is born out of the various advantages they possess compared to their block or graft copolymer counterparts. Copolymerisation of an ionic monomer with a PEG based macromonomer gives the advantage of varying the morphology of the copolymers and hence the complexes, in both directions either by varying the chain length of the PEG macromonomer or by changing the feed ratio of the monomers. One can also modify the charge density along the polymer chain by introducing a third monomer having same relative amount of ionic units and PEG segments in the copolymer. However in order to optimize the biological activity of these complexes, it is important to have a complete understanding of their physicochemical properties as a function of the copolymer molecular characteristics. Moreover, polyelectrolyte complexes from oligoneucleotides or DNA and a block ionomer containing a nonionic watersoluble segment eg. PEG and a cationic segment have been put forward recently for gene delivery. In these systems the charges of DNA are neutralized by the cationic segment while the complex remains soluble due to the PEG segment. However studies on the biophysical characterization of these polyion complexes are limited and they constitute a scantily explored area. This demands a systematic study on the new class of entities formed between the random copolymer and nucleotides or DNA as they mimic the actual architecture of the complex used in the gene delivery systems. 
The thesis begins with an introduction on the drug delivery systems, and gives an overview of the various self-assembled systems that are extensively employed for drug targeting as well as drug carrier vehicles. The discussion presented in this section brings out the concept of nano-containers, which has been advanced in the field of drug delivery systems with the use of water-soluble complexes as carriers for non-covalently incorporated drugs. It also covers several aspects of polymeric aggregates used as drug carrier systems such as the functional properties, drug loading and release characteristics and biological aspects. 
Chapter 2 deals with the complete synthesis of the random copolymers of methoxy poly(ethylene glycol) monomethacrylate (MePEGMA) and (3- (methacryloylamino)propyl)trimethylammonium chloride (MAPTAC) with different mole ratios and a detailed structural analysis with respect to their chemical composition, reactivity ratios, sequence length distribution and molecular weight. 
All the synthesized random copolymers were characterized using IR, 1HNMR and static light scattering techniques. The final composition of the copolymers as determined from NMR showed that the mole fraction of each monomer in the feed has been retained. 
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The reactivity ratios of MePEGMA and MAPTAC determined by Fineman- Ross and Kelen-Tudos methods indicated that the copolymerization of MePEGMA and MAPTAC could be designated as an "ideal copolymerization" system. Sequence length distribution analysis revealed that for a feed composition other than equimolar; the distribution becomes narrower for the monomer present in lower amount and broader for the monomer in larger amount. The light scattering studies indicate the formation of high molecular weight random copolymers. The results also confirm our idea that well controlled polymer architecture can be achieved through the random copolymerization technique. 
Chapter 3 investigates in detail the complex formation behavior of the synthesized random copolymers with oppositely charged surfactants. Part A describes a comprehensive study on the random copolymer/sodium dodecyl sulfate (SDS) complexes which will serve as a well-defined model system and provide a preliminary insight into the formation of poly(ethylene glycol) based polymer-surfactant complexes. Part B explores the possibilities of formation of polyion complexes with biological surfactants like bile salts and other natural surfactants such as sodium salt of oleic and lauric acids. 
Scheme 2 : Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a142_figureNO7.jpg" \t "_blank​) 
The solution behavior of the complexes from PEG based cationic random copolymer and SDS was studied by turbidity measurement, fluorescence probing, z-potential measurement and light scattering techniques. Results obtained from this study strongly suggest that these complexes belong to the similar class of lyophilic colloids obtained from block ionomer-surfactant systems. The complexes of the random copolymers of MAPTAC and MePEGMA with less than 68 mol % of PEG content precipitate in water. Whereas, the complexes of the copolymer with 89 and 94 mol % of PEG do not precipitate in the entire range of composition of the mixture including stoichiometric compositions at which point the electroneutral complexes are formed. The complexes with true hydrophobic domains, which are prerequisite characteristic to serve as a carrier, can be obtained at and above a particular charge neutralization point of the polymers. Hydrophobic domains are obtained at lower charge ratio, Z-/+ for the random copolymer with lower PEG content. The sizes of these complexes are in between 30 nm to 70 nm in diameter. 
The results obtained from the study on the complexes from PEG based cationic random copolymer with bile salts, sodium oelate and sodium laurate suggest that these complexes also have similar solution properties as compared to the lyophilic colloids obtained from block ionomer-surfactant systems. In addition, the incorporation of amphiphilic biomolecules as surfactant components in these complexes provide an useful method for immobilization of such compounds and can also be used as promising drug carrier vehicles having low toxicity. Much broader opportunities to vary the architecture of the polymers, the ease of preparation and the wide variety of available surfactant components make these systems promising in addressing various basic and practical problems in drug delivery systems. 
In Chapter 4 we have made an effort to ascertain the possibilities of formation of polyion-DNA complexes from the synthesized random copolymers. While a number of copolymers consisting of cationic polymers of polylysine, polyethylenimine or polyamidoamine dendrimers and hydrophilic polymers such as PEG have been developed and their in vitro and in vivo performance as carrier candidates tested, studies on the biophysical characterization of these polyplexes or the fate of DNA in them are rather limited. With this aim in view a complete biophysical characterization of the polyplexes obtained from cationic random copolymer and calf thymus-DNA (ct-DNA) has been undertaken. Beginning with a study on the structural properties of the polyplexes, we progress to understand the effect of polymer architecture on the DNA/cationic polymer interactions at the molecular level in terms of DNA stability, conformation, size, shape, binding affinity and complete thermodynamics of the interaction. A multitude of experiments have been performed to validate the results. While turbidity measurements give an idea about the solubility of the polyplexes, success of complex formation of the two polymers with ct-DNA in aqueous medium is followed by ethidium bromide exclusion and gel retardation experiments. Accessibility of DNA to nulcease enzymes has also been assessed. The nature of the charges of the polyplexes, conformational changes, stability of the DNA in the polyplexes, and the size and shape of the polyplexes are characterized by different techniques including z-potential measurements, circular dichroism (CD), temperature dependent UV, differential scanning calorimetry (DSC), atomic force microscopy (AFM) and light scattering techniques. Finally the overall thermodynamical parameters of the binding event of these polymers with ct-DNA have been tracked by isothermal titration calorimetry (ITC). 
The results showed that the polyplexes of the polymers with PEG contents of 89 and 94 mol% are stable and water-soluble. Gel electrophoresis along with ethidium bromide exclusion studies of the soluble polyplexes indicate that both polymers are capable of binding with ct-DNA. Spherical electroneutral complexes with sizes in the range of 75-100 nm were obtained from both the random copolymers. These polyplexes have micelle-like structures with a nanometric core of cationic units neutralized by phosphate anions surrounded by a shell of hydrophilic segments. The high resistance of DNA to nuclease attack is surely a n advantage of using these polyplexes as a reservoir for DNA under physiological conditions. Not only is the DNA highly encapsulated in these polyplexes, but also the native structure is not affected significantly as indicated by the CD spectroscopy studie s. Thermal stability of DNA in the polyplexes increases compared to free DNA and the extent of stability depends on the PEG content of the polymers. Polymers with lower PEG content bind with higher affinity and the binding process is mainly entropically driven. Cooperative effects were observed in the dissociation of ct-DNA from the RCP complexes, which proved to be much more stable to the disruption by low molecular weight surfactant anions like SDS and bile salts, compared to the disruption by polymerized negative charges as in poly(acrylic acid) sodium salt. The ease of preparation and broad choice of polymer architecture available make these systems attractive with potential theoretical and practical significance in vehicle based gene therapy research. 
In Chapter 5 we initiated a study to gain a detailed knowledge about the size and the shape of these complexes using one of the most advanced technique small angle neutron scattering, which could provide a better perception of these systems for future modifications. The primary objective of the study was to identify the structure of the random copolymer-surfactant complexes and also examine the influence of surfactant association on the conformation of the polymer. In an effort towards this direction, a detailed study was carried out on a simple model system of RCP-SDS complexes. 
However, during the course of study it was realized that even though the SANS data showed a positive indication of the formation of RCP-SDS complexes, the obtained data was insuffic ient to deduce the structure of the polyion complexes. This has been attributed to the large size of the aggregates that are beyond the detectable range of the restricted Q window available for the present study. It was felt that a complete picture could be drawn only after a thorough study in a wider Q range along with other complementary techniques. 
At the end a mention is made of the inferences drawn from this study and scope for future work.

